Abstract-This paper describes the geometrical characteristics of the platforms and instruments of the A-train constellation. We also provide a brief description of the A-Train data subsets that have been collocated to exploit the synergistic potential of the various instruments. Finally we present some sample image products from our web-based Giovanni tool which allows users to display, compare and download the various collocated data subsets.
INTRODUCTION
It became clear in recent years, that achieving qualitative progress in understanding and forecasting changes on synopticto-climate scales will not be possible without a synergistic approach to the multitude of measurements coming from different instruments and platforms [1, 2] . The existence of the Earth Observing System and the more-focused Earth System Science Pathfinder (ESSP) missions opened a unique opportunity towards accomplishing these goals, which materialized in what is known as the task of the A-Train mission.
A-Train is taking on addressing broad aspects of radiation budget, aerosols, clouds, atmospheric water in all phases, trace gases, stratospheric ozone, and interaction among them.
The A-Train Data Depot (ATDD) project at the Goddard Earth Sciences Data and Information Services Center (GES DISC) seeks to maximize its impact by addressing the differences in spatial, vertical and horizontal, as well as temporal scales of coverage of different instruments participating in A-Train, and providing applications that shorten the bridge between data exploration and data utilization. ATDD is achieving these goals by providing collocated subsets, user-friendly search and visualization web tools, and A-Train focused web content.
II. SPATIAL AND TEMPORAL DIFFERENCES
It is essential to understand the differences in the orbital characteristics of various platforms and instruments en route to the co-location and co-interpretation of data from them. A frequently seen rendering is the one where all A-Train satellites are attached to the same track. However, it is important to note that they are actually not in the same orbital plane. Nevertheless, at the time of this publication, the orbits are such that the spatial separation at nadir pointing is largest between CloudSat, carrying the Cloud Profiling Radar (CPR) [2, 3] , and Ozone Monitoring Instrument, OMI, flying on Aura, Fig. 1 , and is on the order of 400 km at the Equator. Fig.1 shows the separation between CloudSat and other instruments at the Equator, in terms of arc-distance, longitudinal angle, and UTC time. Obviously, the same atmospheric column is seen by OMI 15 minutes after CloudSat. On the other hand, despite flying on Aura, the Microwave Limb Sounder (MLS) has its retrievals spatially collocated with MODIS/Aqua nadir. This is due to the 3000-km bore sight of MLS. This, however, does not ensure temporal collocation, and the MLS retrieval of the same atmospheric column is 8.5 minutes after MODIS.
Another dominating factor is the relationship between the resulting footprints of retrievals from different instruments. For instance, the MLS footprint strides over 166 km alongtrack (1.5 deg at the Equator), whereas it is only about 10 km The last instrument to be inserted into the A-Train formation will be the Orbiting Carbon Observatory, OCO, which is expected to be launched in 2008. It will be 15 minutes ahead of Aqua. A summary of the Equatorial crossings of current instruments at nadir, relative to Aqua, is given in Table 1 . III. ATDD MODIS/AQUA SUBSETS ATDD operationally collocates and subsets MODIS/Aqua data into two groups. While one is collocated with CloudSat, the other is collocated with MLS. The CloudSat group is further replicated at two swaths: ±100-km and ±5-km width across-track. Subset are all MODIS/Aqua Atmospheres Level 2 products, and certain geolocation and radiance products. Details can be found at: http://disc.gsfc.nasa.gov/atdd. All subsets are stored in an online archive and are available for ftp download. They are also searchable, per user-input temporal, spatial and event gazetteer constrains, through Mirador: http://mirador.gsfc.nasa.gov . The events include hurricanes, hail, air pollution, aerosols, winds, and others described at the latter url.
The subset algorithm used in collocating MODIS and CloudSat is a classic iterative approach. An initial solution is found which later is refined to the MODIS pixel closest to CloudSat. Because of the size of MODIS data arrays, the very first initial search of solution per granule is constrained to a much smaller subset in the center of this MODIS granule. Once the first accurate solution is found, the algorithm progresses in its close neighborhood, along the CloudSat track, thus drastically minimizing the amount of calculations.
The algorithm is operationally decoupled from the availability of CloudSat data -it uses two-line elements (TLE) and predicts the CloudSat track at finer spatial and temporal grid, and thus is ensuring excellent accuracy of collocation.
Since MODIS/Aqua and MLS footprints are sufficiently close (Fig. 4) , this iterative procedure is not applied for the MODIS-MLS subset. Rather, a simple center frame extraction is executed, and a ±100km across-track swath width is stored. The accuracy of the assumption that MODSI/Aqua and MLS are collocated varies in time, Fig.4 , as the platforms are adjusted in their orbital control boxes [2] . If, for a given study, this accuracy is not sufficient, users can relatively easily perform refined collocation using the ATDD subset for input. This operation would be greatly facilitated by the already drastically reduced volume of the subsets available from ATDD.
IV. GIOVANNI TOOL FOR A-TRAIN DATA PREVIEWS
Giovanni is a Web-based application developed by the GES DISC, that provides a simple and intuitive way to visualize and access Earth science remote sensing data. Visualizations of vertical profiles, as well as horizontal swaths, of data collocated with CloudSat (and thus CALIPSO) are at the core of its goals. MLS is another source for reference track and vertical profiles.
Example visualization is shown in Fig. 5 . The plot represents MLS humidity relative to ice (RHI), and CloudSat dBZ reflectivity over a polar cloud. This polar cloud is classified by CloudSat as Nimbostratus with anvil-like wing consisting of Altostratus and Cirrus (classification not shown). The presence of the cirrus is evidenced in the CALIPSO lidar total backscattering attenuation (bottom panel). MLS cutoff for quality data is at 316 mb, and the RHI shows oversaturation above that line, likely responding to the Cirrus presence. CloudSat penetrates through these clouds without getting distinguishable response. MLS on the other hand, wouldn't be able to resolve the horizontal and vertical structure of the cumulonimbus.
However, working in tandem, both instruments can complement each other and present a more complete picture of the vertical structure of polar clouds.
One of the goals of the Giovanni tool is vertical regridding to a pressure grid of CloudSat and CALIOP altitude-profiled data for fast inter-comparisons with retrievals at standard pressure levels, such as those from MODIS, AIRS, OMI, and MLS. The example shown in Fig. 6 depicts vertical profiles While quick visualizations may work for data discovery, users should be vigilant about data specifics. For example, unlike for MODIS and AIRS, cloud pressures from OMI should not be associated with geometrical cloud tops. Further, these particular OMI retrievals should be considered when the cloud fraction is at least 20%.
V. SUMMARY
A-Train mission opens a unique opportunity towards improving our understanding of physics of clouds, their vertical structure and interaction with their environment and aerosols in particular, and the role they play in the climate system [4] . The expected impact, though not limited to, is encompassing improved weather forecasting and climate prediction.
Among the biggest challenges are the differences in the spatial definitions of various instruments and retrievals, their spatial and temporal collocation, as well as the various formats of data. A-Train Data Depot efforts are focused on these issues and are aiming at shortening the bridge between data discovery and usage on one hand, and scientific analysis and conclusions on the other. This is evidenced by the following major ATDD achievements.
MODIS/Aqua collocated subsets are operationally produced and made publicly available. They are searchable by temporal, spatial, as well as by events (like hurricanes and air pollution) constrains. Other subsets, like OMI/Aura and AIRS/Aqua are also available through operational production or on-the-fly processing in Giovanni. Apart from collocating and subsetting capabilities, Giovanni tool provides simple vertical regridding and visualizations for quick data discovery and comparisons. Our future Giovanni goals encompass expanded selection of measurements, enhanced visualizations, addition of analytical functionalities like quality and class filtering, horizontal gridding to a uniform grid, and data merging. 
